On bulk G-actin concentration
The majority of these studies use cell lysis followed by DNaseI inhibition assays (Gactin inhibits DNaseI). We do not consider these values when choosing our bulk G-actin boundary condition of 10 µM for two main reasons: concentration at the leading edge is not resolved, and post-lysis changes in the actin pool could obscure actual concentrations. Some studies have alternative primary goals, so the distinctions between G-actin and F-actin concentrations are less rigorous. The most relevant study to comes from ref. (17), who not only study the leading edge but also make it their primary goal to distinguish between Gactin and F-actin. Still, we chose not to use the reported value of 150 µM at the leading edge because the authors did not distinguish between sequestered G-actin and polymerizable G-actin.
The sequestration of G-actin by special proteins is an important issue. It is an impressive regulatory feat for a cell to maintain high G-actin concentrations because in vitro 100 µM pure G-actin polymerizes, leaving only 0.1 -1 µM monomer (10) . Consequently, most of G-actin is bound to different proteins, such as profilin, ADF/cofilin, thymosin-β4(TB4) etc. Profilin-actin is available to polymerization, in fact, certain anticappers use profilin for polymerization promotion, but the latter two complexes yield G-actin non-polymerizable.
In fact, most of G-actin is sequestered (15) : to illustrate this point, in an experiment with blood platelets, 280 µM G-actin was sequestered by 560 µM thymosin-β4 with a K d of 0.4 -0.7 µM , leaving 0.1 -0.5 µM G-actin polymerizable (6) .
For this reason, instead of considering two species of actin (F and G), one should consider 3 species: F-actin, sequestered G-actin, and polymerizable G-actin. We are only interested in polymerizable G-actin (critical concentration), but unfortunately, current studies have not focused on this distinction. A recent simulation, however, sheds light on this issue -the modeling of lamellipodial concentration by simulating polymerization and binding reaction with these species for 250 µM total actin yielded 40 µM sequestered G-actin and 13.75 µM unsequestered G-actin (18) .
In summary, different cells may have different amounts of G-actin. Even if G-actin concentration is high on the leading edge, most of it is sequestered and is not available to polymerization. Therefore, for simulation schemes similar to the one in current study, a proper concentration scale is 1 -50 µM .
Implementation of Diffusion
Given the linear dimension, molecules diffuse quickly with respect to molecule reaction times up to a certain length, called the Kuramoto length (19) , which is on the order of 100 nm with physiological molecule concentrations. This length can be thought of as a mean "free" (without reacting) path of a protein molecule. For stochastic treatment of diffusion, we divided the filopodium into compartments 50 nm in height, on the order of Kuramoto length, to allow molecules to randomly hop in 1-dimension from one compartment to another at rates that correspond to typical diffusion rates (D = 5µm 2 s −1 diffusion coefficient, or 2000 s −1 hopping rate), though diffusion rates within filopodia have not been measured. Varying compartment height has been shown to have little effect on simulation results (20) . Diffusion constant for all the diffusing species in our simulation was D = 5µm 2 s −1 . A boundary condition at the filopodial base maintains a G-actin concentration of 10 µM, and consumption of G-actin from barbed-end polymerization establishes a base-to-tip gradient. G-actin concentration at the tip can be very low (20) , which is one the motivations for stochastic simulation of filopodial dynamics. The rate of diffusion thus limits filopodial growth, which prompted us to investigate the effects of active transport of G-actin along the F-actin filaments by molecular motors.
Possible role of active transport in stereocilia and microvilli
The elongation rate in stereocilia is lower by two orders of magnitude than in filopodia (21) . While this lower actin flux can probably be sustained by diffusion, nevertheless motors Myosin IIIa and Myosin XVa are found in stereocilia (22) (23) (24) . Myosin IIIa has been observed to carry epsin 1 protein that has an anticapping role (22) , which is similar to M10 carrying Ena/VASP. Interestingly, myosin IIIa provides a significant boost to elongation, and this boost is dependent on the WH2 domain of espin 1, which binds to actin monomer (25) . Therefore, it is possible that the boost in stereocilia length might be mediated by active transport of G-actin. Mutation in M15a, also found in stereocilia, results in deafness in mice and humans because of stunted length (24) . Consequently, M15a may also be implicated in stereocilia length regulation, although not necessarily as a monomer transporter. The lengths of microvilli are shorter than of filopodia, so active transport of G-actin is less likely. However, motors are still found in microvilli too: Myosin I motor attaches the actin filaments to the membrane to power the sliding against it (26) . The role of Myosin VIIa in microvilli is less certain, though in other organelles it transports various cargo including proteins, melanosomes, and phagosomes (27) . Our model is general in its treatment of motors, so similar schemes could be used for microvilli and stereocilia, although one needs to take into account the mechanical and structural differences among these organelles.
4 Mean field solution for filopodial lengths at steadysate for actin-only system
In our previous work, we calculated the stationary length of a filopodium based on the balance of diffusional flux forward, polymerization consumption and retrograde flow backwards flux, all of which were estimated by a mean field approximation (20) . This analytical result is useful in assessing how change in different parameters, such as bulk concentration, diffusion coefficient or retrograde flow speed would affect the stationary length. We also used it in a work considering influence of capping proteins and formins (28) . For a wide range of parameters it yields a good estimation within 10-20%. Although including active transport would significantly alter the previous mean-field result, we provide here the latter as a reference point for lengths of filopodia without transport (the meaning of variables is given in Table 1) :
(1)
Influence of polymerization on the retrograde flow
Retrograde flow is generated by several processes: treadmilling, membrane pushing downward and myosin based motions of the actin mesh inside the cell body that pull the filopodium backward. Although, the latter factor is likely the most important, it would be more realistic to take the contribution of the other factors into account as well. If an actin monomer is inserted between the filament tip and the membrane, it pushes both the filament and the membrane, and the filament flows back. Thus, the filopodium is only elongated by a fraction of monomer size, and the rest of it contributes to the treadmilling. Hence, the higher the effective polymerization rates are, the higher is the retrograde flow speed.
To include this coupling into out model, we additionally drag all the filaments back by a distance rδ/N (monomer size δ divided by number of filaments N multiplied by a coupling constant, r) after each polymerization reaction. The constant part of the retrograde flow speed still remains (v 0 r ), although it is correspondingly smaller than the total speed in simulations where v r is constant. Fig. 2 shows the growth curves for v 0 r = 35nm/s, r = 0.3,
in the three cases: normal; no sequestration; no sequestration nor clogging. These simulations show that the qualitative difference between the dynamical regimes of the growth and changes in stationary lengths does remain the same as in the simulations with constant retrograde flow of 70nm/s and no coupling of retrograde flow to polymerization.
Reactions in Gillespie set
In the set with Ena/VASP the system of reactions was as follows:
Polymerization:
Motor steps:
where M(n) denotes motor on a filament at site n. It can be empty motor, motor (M), motor loaded with Ena/VASP(MV), motor loaded with Ena/VASP that bound 1 G-actin (MVA) or 2 G-actins (MVAA).
Motor attaching to the filament: M(free)→M(n),k f b = 18.81s −1 , k f u , again, the same reaction is true for MV, MVA and MVAA as well. M(free) denotes a motor molecule freely diffusing in cytosol.
Motor loading: M(free)+V(free)→MV(free),k l = 18.81s 
